The main purpose of the study is to develop a method based on the modified ant algorithm and demonstrate the applicability of its use for building of optimal cargo delivery routes, taking into account the real (non-stationary) dynamics of highdensity traffic on the urban road network in megacities. Within the framework of the proposed method the simulation of building optimal routes, by the example of Kiev, was carried out. The results of study indicate the possibility of using the method for the solution to the problems of efficient management of the freight transportation routing process in the conditions of real dynamics of traffic flows (dense traffic, traffic jam, emergency situations, etc.).
Introduction
Accelerated motorization in the conditions of slow development of the urban road networks (URN) of large cities leads to a sharp increase in the number of vehicles on roads and intensification of traffic. This significantly increases the loading capacity of the transport network, leads to decrease in the velocity of traffic flow, the emergence of traffic congestion. It is known that long congestions on the roads are increasingly the cause of not only temporary, but also economic losses when delivering cargo to consumers in a megacity. This question is especially acute for enterprises that deliver their own goods, for example, small-lot cargo, to consumers without intermediaries, that is, by their own transport. In most segments of the market, the delivery of goods adds to its cost the amount of costs, which in some cases is close to the value of the product itself according to Statistics price of cargo in Ukraine.
Therefore, to a greater extent, the efficiency of the operation of such enterprises is determined by the efficiency of the use of transport logistics. At the same time, the main here is the solution of routing problems using such methods of route optimization that would effectively take into account the real dynamics of traffic flows on the URN.
Thus, the relevance of the study is determined by the need to develop, implement and apply appropriate models, methods and software to optimize and manage the transport process in conditions of unsteady dynamics of traffic flows on the URN. The use of such developments will increase the efficiency of transportation of goods within large cities.
Literature Review
As the analysis shows, the classical methods available today to solve the problems of discrete optimization of transport processes occurring in logistics systems are not perfect and do not give unambiguous decisions. In particular, it concerns the optimization of transport routes, which is devoted to a large number of scientific studies (see, for example, Lukinskiy and Dobromirov, 2016; Balasescu S. and Balasescu M., 2014; Qingyou and Zhang, 2015; Prokudin et al., 2016; Goldberg et al., 2005) .
A new algorithm is proposed by Knight (2014) that enables an optimization procedure to be performed while simultaneously considering all paths between nodes of the graph taking into account the throughput of each of its edges. This method is based on the representation of a graph in the form of an electrical network, each of which has a certain resistance, which characterizes the corresponding throughput.
The proposed method, in the opinion by Knight (2014) , also allows us to focus primarily on computations in the problem areas and high-level structures. This makes it possible to more efficiently use computing time without spending it on solving unimportant issues, but which is associated with cumbersome calculations.
However, a more in-depth analysis of the proposed method by Knight (2014) shows that here the solution of the discrete optimization problem comes to the solution of the problem of a linear algorithm associated with the solution of a corresponding system of linear equations of a certain dimension. Therefore, at least, it remains relevant to find solutions to the systems of equations of the maximum possible dimension for the given resources of computers.
It should be noted that the proposed method by Knight (2014) is similar to the method of discrete optimization, which is based on the use of self-organizing effects of ant agents (ACO) ) and the classic genetic algorithm (GA) (Glover and Kochenberger, 2003; McCall, 2005; Rejer and Lorenz, 2015) . The comparative analysis of ACO and GA points to a number of disadvantages when using a genetic algorithm to solve routing problems. In the works (Chandekar and Jayachandran Pillai, 2017; Ali et al., 2016) are presented results of conducted ACO and GA tests for optimization in the framework of the travelling salesman problem (TSP) of various dimensions. The experimental data obtained showed that the use of ACO provides significantly better results for problems with the number of vertices up to about 100 points. In turn, GA finds better results when solving problems of great dimension (Potvin, 1996) . Since the task of delivering small-party cargo within a metropolis contains, as a rule, 10-30 points, then for solving such a class of problems, we consider the most optimal use of the ant algorithm.
However, the classic method of self-organization of an ant colony proposed by suggests the possibility of finding the optimal route for a static graph. Here ants, located at the initial time in the nodes of the graph, also simultaneously move along the edges of the oriented graph. This allows, taking into account the features of this method, to significantly reduce the time of the corresponding calculations. At the same time, the various properties attributed to ant agents enable us to solve a wide class of discrete optimization problems, taking into account many characteristics of the system being studied. Subsequent numerous studies of various physical processes carried out with the use of this method indicate the possibility of its use for solving discrete optimization problems of large dimension . In particular, it concerns the routing of vehicles on the URN and highways, information flows in computer networks, and so on.
In addition, now the literature presents a large number of modifications ACO (Dorigo et are known to be used to solve the static salesman problem (TSP), mainly aimed at improving the work of an ant algorithm, increasing the dimension and speed of computing the optimization problem.
On the other hand, the application of the ACO, in our opinion, may be promising for solving problems of optimization of processes occurring in open nonlinear dynamic non-stationary systems. In recent years there has been a rapid development of theoretical concepts, models, methods for describing nonlinear non-equilibrium dissipative processes and phenomena that occur in systems of different physical nature (Puchkovska et al., 2005) .One of the main approaches used to describe such processes is a synergetic approach based on the principles of self-organization. For example, Puchkovska et al., (2005) within the framework of a no equilibrium nonlinear statistical-dynamic model, it is shown that with increasing temperature, due to the effects of self-organization, there is a transition from a single crystal to a rotary crystalline phase in organic molecular crystals. The effects of self-organization of enterprises under the influence of external stochastic and deterministic (discrete sharp, extreme) changes of factors of the nonlinear market environment are considered in the synergistic of Lorentz model proposed by Danchuk and Kravchuk (2013) . This approach allows us to correctly describe and predict the time series of the evolution of enterprise activity under the influence of such changes.
As noted above, the ACO is also based on the use of the effects of self-organization of the agents. This determines its applicability to describe the corresponding non-equilibrium, non-stationary processes and phenomena which, among other things, are observed when considering the dynamics of high-density transport flows.
It primarily concerns large cities, the functioning of which is characterized by high dynamics of load, significant changes in the speed of vehicles, the appearance of congestion, etc.
In particular, Kerner (2004) based on the analysis of relevant experimental data obtained on highways in Germany, England and the United States, B. Kerner developed a theory of three phases of the dynamics of a transport flow (free flow, synchronized flow, wide moving jam or traffic jam).This theory allows us to explain and predict empirical spatio-temporal dependences of phase transitions from free to dense (synchronized) flow and between resulting structures in a dense traffic flow. Within the framework of this theory, it is considered that the observed effects of phase transitions, hysteresis of velocity changes at these transitions are due to the manifestation of synergistic effects due to the no equilibrium non-stationary dynamics of transport flows in the region of their high density (Haken, 2004) . Now the attention of researchers attracts the problem of using an ant algorithm for solving dynamic transport problems. In particular, Xiaojun et al., (2016) an application of the ACO was proposed for optimization of complex planning processes, with the possibility of taking into account dynamic emergency situations. However, such papers are very rare in the literature nowadays.
The main objective of the study is to develop a method based on a modified ACO and approbate its use for building optimal routes for cargo delivery, taking into account the real (non-stationary) dynamics of high-density traffic streets on the urban road network.
Proposed Method
For the development of the method for building the optimal route for the delivery of goods, we represent URN in the form of a two-way oriented weighted graph. At the nodes of such a graph there are points of delivery of the goods (warehouses, supermarkets, etc.) from the consignor with the help of a vehicle moving along the city's URN. The edges connect each pair of nodes of the graph. The weight of the edges is determined depending on the nature of the problem being solved. This can be the distance between points, the average speed or the average time, the cost of delivery by a vehicle in the transport flow in a certain section of the network. The optimization of routes of a vehicle is carried out by means of the ant algorithm within the framework of the TSP.
The classical ACO for discrete route optimization as part of the TSP is presented in .
Here, in particular, to determine the probability of a transition of an ant agent between any two nodes is found in accordance with as follows:
where ij(t) -the amount of pheromone on the edge (i, j) at time t;
-the visibility that is the heuristic desire of ants to visit the city of j if it is in the city i. We will assume that visibility is inversely proportional to the distance between cities i and j; α, β -are parameters setting the weight of the pheromone trace. When α=0 the algorithm degenerates into a greedy algorithm (the closest city will be selected). These parameters were defined 1, 5 by Danchuk, V. et al. (2017) . In the classical ACO it is not possible to take into account the dynamics of the traffic flow, which affects the finding of the optimal route of cargo delivery. In this regard, it is proposed to apply a modified ACO. The modification of the algorithm, in particular, consists in introducing into the classical ant algorithm function , which depends on the load of the section URN between the nodes i and j. It is clear that the larger the load of the section of URN is, the less traffic flow there is. Consequently, the less probability of transition of an ant agent from node i to node j exists.
In this regard, this function can be written as follows: ,
where a -normalizing multiplier; -the load of the URN section between nodes i and j. Then (1) can be represented as follows:
In addition, according to Lobanov et al. (1970) , one of the indicators of the state of the transport flow is -the multiplier of traffic velocity of the traffic flow in the section of URN between the points i and j, calculated by the formula:
where -nominal value (maximum permissible without violation of traffic rules), the value of the speed of the traffic flow in the section of the URN between the nodes i and j, km / h; -the actual value of the velocity of the traffic flow in the section of the URN between the points i and j, km / h. The actual value corresponds to the real velocity value in each section of the URN at a certain point in time and depends on various random factors (congestion, traffic accident, repair of the road, incorrect parking of vehicles, etc.).
Using the value of the coefficient of flow rate of the traffic flow in the section of the UNR, one can find the corresponding value of the load factor of the corresponding in the section of the UNR, according to Lobanov et al. (1970) . To do this, we pre-perform the normalization of the value of the coefficient to the value of . Data on the correspondence of the values of the coefficient of traffic flow speed to the coefficient of load in the section of the URN is given by Lobanov et al. (1970) .
In addition, in order to take into account the real state of the dynamics of the traffic flow and increase the speed of the optimization procedure in the well-known classical ACO, the following modifications were introduced by Danchuk and Svatko (2012):
-Added the opportunity to record the results of optimization of the partly covered way, to calculate the further route when changing the length of the edges during movement. This will make it possible to reconstruct the route when the situation on the URN changes, taken into account the passed points;
-The cyclic movement of the colony has been changed to the asynchronous movement of each ant with a certain speed, which reduces the time of finding the optimal route.
In our view, the use of the ACO presented in this paper allows us to carry out the simulation of optimization of the route in the conditions of the real dynamics of traffic flows on the URN (high density traffic, congestion, etc.), where ant agents as analogues of vehicles move at appropriate speeds. It should be noted that in Danchuk and Svatko (2012) , within the framework of such a modification of the method during optimization, the dynamics of changes in the velocity of traffic in the regions of the URN was not taken into account, but only those areas where speed was significantly reduced were excluded.
The application of such a modified method of ACO is carried out under the following assumptions: 1) the type of cargo delivery route -a circular, with gradual delivery of goods; 2) the movement of a dedicated vehicle in all sections of the URN is carried out within the framework of a two-way traffic; 3) there are always alternative routes in each set of nj-sections of URN, which corresponds to the jth edge of the graph; 4) any section of the URN between the points i and j is two-way oriented, that is, the distance between the points i and j is equal to the distance between the points j and i lij = lji; 5) the weight of the cargo transported from the manufacturer to each consumer (supermarket) is not taken into account when optimizing the delivery route; 6) the change in the average travel time and average speed of movement is largely dependent on changes of the driving dynamics modes that do not include stops or delays due to traffic lights signals. Optimization of the route of vehicles on the URN comes to minimizing the route along the edges of the two-way oriented graph. At the same time, the lengths of the edges correspond to the time of passage between the nodes of ant agents. Accordingly, the optimal length of the route in the graph is the minimum time t of the vehicle's route on the URN. Thus, in our case, the criterion of optimality will be the minimum time of passing the route of cargo delivery.
where -optimal time of delivery of cargo on the corresponding route.
Consequently, when building the optimal time route of cargo delivery, the information on the actual state of the URN at the time of the route construction is taken into account. At the same time, it is clear that at some limit values of the traffic flow velocity in certain areas of the URN, which correspond to certain levels of load of URN sections, it is possible to reconstruct the vehicle's optimal time route of the traffic on the URN for the delivery of goods to destination points.
Forming Questionnaires and Data Collection. Case Study from Kyiv
For the approbation of the proposed method of building the optimal route of cargo delivery, data on the distance between the points of delivery in Kyiv city (Fig. 1) and the average traffic velocities in the corresponding sections of the URN were used Routing service Google map and Video surveillance resource for road network in Kiev. A fragment in the URN of Kyiv was presented as a two-way oriented weighted graph. The corresponding simulation studies on the construction of the optimal route are performed according to the proposed method for 10 nodes that determine the delivery points of the cargo. The passage time of each section of the URN is calculated as the ratio of the length of the route to the average traffic flow velocity in this section. Length or times of travel on the corresponding route were chosen as the parameters of optimization. 
Building of the optimal route for the delivery of cargo on the URN of Kyiv without taking into account the change in the speed of traffic flows. Results and discussion
This section presents the results of simulation researches of the processes of building the optimal route provided the average velocities are unchanged in the URN areas. At the same time, for calculations, data on the distance and average velocities in the regions of URN were presented in Table 1 . The results of these calculations are shown in Figure 2 for 10 nodes respectively. As can be seen from Figure 2 , various optimal routes are obtained depending on the optimization parameter. In case of optimization of the route according to the time of delivery of goods (Fig. 2a) the length of the found route is 90 km. Time of the route is 110 minutes. In case of route optimization along the route length (Fig. 2b) , its total length is 82 km, which is less than the previous by 8 km. The time of delivery of the cargo is 135 minutes, which is more than in the previous case by 25 minutes.
From the obtained results it can be seen that, depending on what is the optimization parameter, for the same initial data, in general, we get different delivery routes with different characteristics.
Consequently, the calculations show that there is a need for a correct choice of the optimization parameter, depending on the objective of goods delivery (minimum time or minimum delivery route).In addition, modeling simulations of the processes of building the optimal route and the results indicate the prospect of using ACO for solving routing problems.
In order to verify the correctness of the application of the modified ACO to solve the problems of finding the optimal route, given in this paper, the test of optimization of the route for the same network with 10 nodes (Table 1) Conducted test experiments using of a modified ACO for solving the problem of finding the optimal route for the delivery of goods, the initial data of which are shown in Table 1 . Relatively good optimization results have been obtained, which indicate the promising application of the proposed modification of the algorithm. Here, test experiments were conducted on a computer with the following technical parameters: a 2.3 GHz Intel Core i5 processor with 8 GB RAM and a processor frequency of 2 MHz.
The results of the experiments are presented in the Table 2 . Here t is the time of finding the optimal solution; N is the number of optimization cycles at a specific iteration; Topt is the time of the optimal route. Analysis of the results shows that with a sufficiently small number of cycles (up to 5000) and the time of their execution (up to 6.00 s), the proposed ACO modification gives the optimal solution. A further increase in the number of cycles to 50000 shows that the optimal value found does not change. In this connection, it can be argued that the result obtained is optimal. 208  120  209  128  1  176  2  142  133  131  12  131  113  138  1245  114  227  127  3  120  157  140  1089  129  616  128  132  133  1736  112  505  122  2216  117  164  124  2217  124  3815  127  1340  130  4311  110  815  112  --2480  121  4965  123  4540  126  1961  129  50000 110  50000 112  50000 117  50000 121  50000 123  50000 126  50000 
Building of the optimal route for the delivery of cargo on the URN of Kyiv, taking into account the real dynamics of traffic flows. Results and discussion
In this section, the results of simulation modeling on optimization of the route of cargo delivery in conditions close to the real dynamics of transport flows on the URN of Kyiv are represented.
As noted in Section 3, the main macroscopic parameters that describe the dynamics of a traffic flow according to Lobanov et al. (1970) are the intensity of traffic, the density and average speed of the vehicles forming the flow. For qualitative expressions of the dynamics of the traffic flow, the relative indicators that correspond to these parameters are considered, namely, the load factor Z, the density factor ρ, and the coefficient of velocity C of the traffic flow. Then, depending on certain boundary values of these indicators, all possible states of the transport flow are divided according to Kerner (2004) ; Lobanov et al. (1970) into certain phases or modes of traffic, which are given in Table 3 .
The classification of the modes of traffic, given in Lobanov et al. (1970) , is not unique Kerner (2004) , but for qualitative interpretation of the results of simulation in this paper, it can be considered as quite acceptable. Using the data on the actual values of the velocity of the transport flow and the velocity of the traffic flow with free motion in certain areas of the URN of Kyiv (Routing service Google map and Video surveillance resource for road network in Kiev), the rate of passage of the ij-th edge of the graph Cij can be determined by formula (4) .
For simulation studies, as the initial route, the optimal route obtained during the time optimization procedure for the unchanged initial velocities on the edges taken from Routing service Google map and Resolution of the Cabinet of Ministers of Ukraine, for the graph with 10 nodes was selected (Fig. 2a) .In addition, for the sake of unambiguity, it was considered that the actual speed of traffic flows due to changes in traffic conditions can be simultaneously varied in three sections of the optimal route 2-7, 10-8 and 4-3 (Fig. 3a, red lines) .In the initial optimal route, the average speeds and time of traffic flow in these areas of the URN were 53 km/h and 2 min, 49 km/h and 9 min, 49 km/h and 20 min respectively. For qualitative interpretation of the optimization results, the values of the speed coefficients for these areas, calculated by the formula (4), were used. At the same time, the value of free traffic flow rates in the section of 2-7, 10-8 and 4-3 URN of Kyiv was respectively 60 km / h, 50 km / h and 50 km / h, limited to the corresponding traffic signs and Resolution of the Cabinet of Ministers of Ukraine.
Using the data given in Table 3 , for the specified areas of the URN, the traffic flow coefficient , the load factor and the loading capacity of the URN according to (4) and (2), respectively, were found. Further, based on the data obtained, the probabilities of transition of ant agents between the corresponding nodes of the graph were determined.
The results of the simulation studies are shown in Table 4 . Here υ2-7,υ10-8, υ4-3; t2 -7, t10-8, t4-3; С2-7, С10-8, С3-4; and , , -values of velocities, driving times, velocity coefficients and values of the coefficients of occupancy of sites 2-7, 10-8, 4-3, respectively; T is the time of travel on the optimized route, L is the length of the route optimized. In the course of studies, the reduction of the corresponding actual velocities in sections 2-7, 10-8 and 4-3 URN of Kyiv was carried out after the second iteration with a discreteness of 5 km / h (see Table 4 ). Figure 3 shows the stages of the route-optimized time formation after each iteration which is associated with an increase in the load in the specified areas of the URN. As can be seen from Table 4 (the corresponding values of the coefficients of velocities 0.9, 0.98, 0.98 and coefficients of load 0.22, 0.04, 0.04 for model sections) the initial optimal time route (Fig. 3a) is realized when the free movement of cars is carried out in all three URN sections in accordance with Kerner (2004) , which is given in Table 3 . After the second iteration of optimization in time, when in the section 2-7 synchronized motion already takes place in accordance with Kerner (2004) , and on the other two there is free movement of cars, an increase in the load in the corresponding sections leads to the emergence of two alternative optimal routes (T = 112 min), the first of which corresponds to the initial one, and the second one is transformed so that it removes the section of URN 2-7, which changed the mode of movement of cars (Tables 4, 3 ; Fig. 3b,  3c ). In this case, the length of the route for the last route is greater than for the initial (95 km and 90 km respectively). Obviously, when the time of passing the routes is the same, and the length of the route is different, more suitable route can be considered, the length of which is less. A similar situation with two alternative routes is observed during the fourth iteration (with the same travel time at the optimized route T = 121 min, but different lengths L 95km and 87km respectively), when in all three sections 2-7, 10-8, 4-3 there is the same nature of the traffic flow associated with the synchronized movement of cars (see Table 4 , Table 3 , Fig. 3c, 3d) . At the same time, from each of these routes, one ,but different, section is excluded, in which within the framework of the presented model, there is a decrease in the average speed as a result of an increase in load (for one -a section of 2-7, for another -a section .
During the next, the fifth iteration of time optimization, a situation arises which corresponds to the state of the URN, where in section 2-7 there is a movement of cars in the form of wide-moving clusters (wide moving jam) at low speed and with a high probability of occurrence of a congestion and in the other two -the synchronized movement of cars (Tables 3, 4) . Here, the time optimal route is reconstructed in such a way that only one of three sections remains in it (section 10-8 - Table 4 , Fig. 3e ). (Tables 3, 4) , the formed optimal route does not anymore contain these areas of URN (Table 4 , Fig. 3g ). And, it goes without saying that the further increase in the density of load in them no longer leads to the restructuring of the optimal route (Table 4 , Fig. 3g ).
Conclusions
The method of building the optimal route of delivery of small-lot cargoes in large cities in the conditions of real (non-stationary) dynamics of transport flows in the regions of URN, which is based on the use of the modified ACO, is developed. The main element of such a modification is the inclusion within the framework of the classical ACO when determining the probability of transition of an ant agent between any two nodes of the graph of the effect of the load function of the areas of the URN. The function of load areas determines the nature of the dynamics of traffic flows in these areas.
The approbation of the proposed method was carried out by the example of the city of Kyiv for 10 nods corresponding to the destination points of the cargo. In this paper, simulation modeling on optimization of the route in conditions close to the real dynamic state of transport flows on the URN was conducted. Within the framework of this model of the presentation of the network containing 10 delivery points, the simultaneous changes in average speeds of traffic flows and, respectively, load in several (three) URN sections were taken into account.
The analysis of the simulation results gives grounds to consider that the proposed method makes it possible to adequately optimize the routes of cargo delivery in such conditions. In the future, it can be applicable to solving the problems of operational management of the transportation process, namely, the formation in the online mode of the optimal routes, taking into account the actual state of traffic on the URN.
Further research strategy should be aimed at improving this method which would allow us to take into account the influence of instantaneous values of the actual parameters of the dynamics of transport flows in the areas of URN, traffic light control, etc., in the processes of optimization.
The results obtained this way can be used to improve existing intelligent transport systems and technologies for traffic management on URN of megacities.
